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Photosystem II (PSII) uses light energy to split water into protons,
electrons and oxygen. In this reaction, Nature has solved the difﬁcult
chemical problem of efﬁcient four electron oxidation of water to yield
oxygen without signiﬁcant side reactions. In order to use Nature's
solution for the design of materials that split water for solar fuel pro-
duction, it is important to understand the mechanism of the reaction.
The X-ray crystal structures of cyanobacterial PSII provide information
on the structure of the Mn and Ca ions, the redox-active tyrosine called
tyrosine-Z, chloride and the surrounding amino acids that comprise
the oxygen-evolving complex (OEC). The structure of the OEC and
the water-oxidation chemistry of PSII will be discussed in the light of
biophysical and computational studies, inorganic chemistry and X-ray
crystallographic information. These insights on the natural photosyn-
thetic system are being applied to develop bioinspired materials for
photochemical water oxidation and fuel production.
doi:10.1016/j.bbabio.2014.05.313
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In purple phototrophic bacteria such as Rhodobacter (Rba.)
sphaeroides, reaction centre (RC) photochemistry produces quinols
(QH2) that diffuse to the cytochrome bc1 (cytbc1) complexes where
a proton motive force is generated. In order to discover the relative
membrane locations of reaction centre light-harvesting 1-PufX (RC–
LH1–PufX) and cytbc1 complexes we labelled His-tagged cytbc1 with
NTA-gold nanobeads. Atomic force microscopy (AFM) and electron
microscopy (EM) of labelled intracytoplasmic membrane vesicles
(chromatophores) showed that the majority of the cytbc1 complexes
are dimeric, and are found adjacent to RC–LH1–PufX complexes.
Following partial solubilisation with detergent and afﬁnity chromatog-
raphy RC–LH1–PufX complexes tended to co-purify with His–cytbc1,
but no His–cytbc1–RC–LH1–PufX supercomplexes were isolated. We
used mass spectrometry to quantify the membrane protein complexes
in chromatophores; together with AFM, EM and 3D protein structures
an atomic-level model of a chromatophore vesicle was constructed
comprising 67 LH2 complexes, 11 LH1–RC–PufX dimers & 2 RC–LH1–
PufXmonomers, 4 cytbc1 dimers and 2ATP synthases. Simulation of the
interconnected energy, electron and proton transfer processes showed
a half-maximal ATP turnover rate for a light intensity equivalent to
only 1% of bright sunlight. Thus, the photosystem architecture of the
chromatophore is optimised for growth at low light intensities.
doi:10.1016/j.bbabio.2014.05.314
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Understanding the nature of any complex biological system implies
understanding its evolutionary history, i.e. an explanation of how it could
have emerged from simpler ancestral elements. By combining structural
and phylogenomic analyses, we have traced the evolution of the
cytochrome bc complexes [1]. The results of the phylogenomic analysis
suggest that the bacterial cytochrome b6f-type complexes with short
cytochromes b were the ancestral form that preceded in evolution the
cytochrome bc1-type complexes with long cytochromes b. The ancient
cytochrome b6f-type complex may have emerged from merging of a
membrane NAD(P)H(?)-dehydrogenase with a Rieske-type iron sulfur
protein. This complexmay have resembled the b6f-type complexes found
in some modern Planctomycetes and Heliobacteriaceae. The initial
function of such complex may have been the cycling of electrons around
primordial photosynthetic reaction centers, which could gradually lead to
the emergence of the Q-cycle mechanism [2,3]. Occurrence of the
cytochrome bc complexes in some archaea could be traced to lateral
Biochimica et Biophysica Acta 1837 (2014) e118–e125
Contents lists available at ScienceDirect
Biochimica et Biophysica Acta
j ourna l homepage: www.e lsev ie r.com/ locate /bbab io
transfers of their operons from bacteria; such transfers would depend on
the presence of the archaea-speciﬁc systems of fatty synthesis in the
respective archaeal genomes [4]. The gradual oxygenation of the
atmosphere would have driven further evolution since auto-oxidation
of the components of the cytochrome bc complex results in the
generation of potentially hazardous reactive oxygen species. The choice
of different means of decreasing the extent of autooxidation is proposed
to have driven the divergence of the b6f-type complexes of cyanobacteria
(ancestors of chloroplasts) and the bc1-type complexes of respiring
alpha-proteobacteria (ancestors of mitochondria).
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Through their light-harvesting antenna, plants frequently absorb
more solar energy than they can use in photosynthesis. This excess
energy has the potential to cause cell damage, such as pigment
bleaching and protein inactivation. To minimise photodamage, a num-
ber of protection mechanisms exist, which we have characterised at a
molecular/functional level. I will discuss the following mechanisms in
the light of our most recent results
Protection against singlet oxygen production by chlorophyll triplet states
In most light-harvesting proteins of oxygenic organisms, ultrafast
triplet–triplet transfer is associated with a signiﬁcant alteration of
the triplet states involved. Experiments performed with synthetic
dyads suggest that such alteration, which is likely to be due to the
presence of intramolecular charge transfer states, is necessary for
ultrafast triplet–triplet transfer to occur.
Protection against photooxidative stress induces by high light environments
Excitation energy quenchers rapidly appear in the photosynthetic
membrane of plants and algae when these organisms are exposed
to high illumination conditions. In the last decade, combined use
of advanced spectroscopic methods, ﬁrst applied on isolated light-
harvesting complexes then developed for their application on systems
as complicated as whole leaves, has yielded a precise picture of the
molecular events which underlie this important mechanism of photo-
protection in higher plants. Recent results on diatoms suggest that the
photoprotection mechanisms are quite similar in these algae, although
the structure of their light-harvesting apparatus is quite different.
doi:10.1016/j.bbabio.2014.05.316
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Usually in electronic bifurcation associated with oxidation of
hydroquinone at the Qo site of cytochrome bc1 (mitochondrial complex
III) awaits description of its molecular mechanism. Recently, we
discovered two distinct populations of semiquinone (SQo) associated
with operation of the Qo site: i) SQo coupled to the reduced Rieske
cluster (FeS) via spin–spin exchange interaction and ii) a separate,
unusually fast-relaxing SQo [1]. Here, using freeze-quench and electron
paramagnetic resonance spectroscopy, we examined in detail conditions
of formation of these two populations of SQo under a variety of buffer
and reaction mixture compositions. The analysis included native
cytochrome bc1 and speciﬁc mutants that affected the motion of the
FeS subunit. The revealed differences in proportions between the SQo
signal and the SQo–FeS coupled signal indicated that these signals are
inversely correlated with one another. Shifting FeS toward the Qo site
increases the amount of SQo–FeS coupled system at the cost of SQo,
while shifting the FeS out of the Qo site has the opposite effect— increase
in SQo at the cost of SQo–FeS coupled signal. We anticipate that these
results will contribute to better understanding of the electron reactions
that take place within the Qo site, in particular the formation of SQo
intermediates and their relation to superoxide generation by the Qo site.
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3D structure of the membrane complex cytochrome b6f from the
green alga Chlamydomonas reinhardtii was solved in the presence
and in the absence of a Qo site inhibitor (TDS) (1). The analyses of
the two structures revealed, beside the reorganisation of the Rieske
soluble domain, small conformational changes around the Qo site.
Cytochromes b6f and bc1 are structurally and functionally very
similar but they have a different sensitivity to inhibitors and in the
cytochrome b6f the phytil chain of a chlorophyll molecule stands at
the entrance of the Qo site. The presence of this molecule raises
the question of its role which is still unknown. In order to gain
information on chlorophyll function, its binding to the b6f complex
was destabilised by site-directed mutagenesis of the petD gene.
Alanine 140 in helix G was replaced by phenylalanine, a bulkier
amino acid, this position faces the pigment, but remains away from
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